The configuration and conformation of nicandrenone, isolated from Nicandra physalodes, are described using molecular modeling and NMR NOESY techniques. Amsterdam Density Functional (ADF) software was used, and the structures were those reduced to minimum energy molecular models, utilizing B3LYP executions and Density Functional Theory (DFT). The first spectral proof that this withanolide has a 22-R configuration is also provided. This method may be adaptable to other natural products.
Theoretically, the configuration of a molecule may be described by the determination of the coupling constants of its individual atoms and arranging those atoms in a logical sequence. The 3-D conformational structure of the molecule can then be described by the determination of the specific angular relationships in the molecule and applying these to the established configuration. It was the aim of this research to determine the feasibility of this hypothesis by describing the complete configuration and conformation of the steroid nicandrenone through a combination of molecular modeling and nuclear magnetic resonance spectroscopy (NMR). Utilizing an Amsterdam Density Functional (ADF) molecular modeling software program [1] and 2D NMR [2] techniques the solution conformation of the molecule is described. This technique can be used with other molecular systems to confirm the correct interpretation of a NMR spectrum and to distinguish between the NMR signals of diastereotopic protons. This method has been previously employed in a study involving strychnine, corianlactone, daphnipaxinin, and boletunone B in which the 1 H and 13 C chemical shifts and coupling constants were predicted [3] .
Advancements in NMR techniques have led to several useful experiments which provide additional information concerning the structure and conformation of a molecule, among these is NOESY. Of particular importance in the realm of NOESY are experiments in which the information obtained, due to varying the 13 C T 1 spin-lattice relaxation times, correlates with the proton-to-proton distance measurements, and hence the bond angles between these protons [4] .
One of the foremost uses of computers in chemistry is in molecular modeling. This technique can be used for predicting, among other attributes, the configuration and conformation of molecules. Also of great importance is the prediction of coupling constants, using data obtained from molecular modeling measurements and mathematical models, including the Karplus relationship and the modified Karplus relationships [5] . Previous studies using this strategy led to one of the very first demonstrations of the complete proton and carbon assignments of a complex natural steroid [6] .
Several molecular modeling programs are currently available which vary in their features and accuracy in representing a "true" molecular picture. After reviewing some of these available programs, the one providing the best in overall features was that of Amsterdam Density Functional (ADF). This program allows the manipulation of bond angles to allow for structural studies involving the effects of varying these angles and the measurement of bond angles and interatomic distances.
Nicandrenone, whose picture and structure is represented in Figure 1 , is a member of the withanolide class of steroids, and was first isolated from Nicandra physalodes (L.) Gaertn. (Solanaceae) by Nalbandov et al. [7] . The basic 1 H NMR resonances of nicandrenone have been elucidated, but the structural assignments, configuration and conformation have not been fully investigated [8] .
NMR spectrometers available at that time did not allow for a detailed interpretation of the spectra. However, subsequently higher quality spectrometers have become available which allow for a much more detailed interpretation. Recently, this compound was synthesized by Stoltz, Kano, and Corey [9] which prompted a reexamination of the complete NMR spectral assignments.
Nicandrenone contains six different types of protons which include:
• 8 diastereotopic protons (4α-H, 4β-H, 11α-H, 11β-H, 12α-H, 12β-H, 23α-H, and 23 β-H); • 2 protons on a sp 3 -sp 3 bond that rotates (20-H and 22-H); • 5 protons attached to a non-rotating sp 3 carbon atom (6-H, 7-H, 8-H, 9-H, and 26-H);
• 5 protons attached to a sp 2 carbon atom (2-H, 3-H, 15-H, 16-H, and 18-H); • 2 hydroxyl protons (5-OH and 26-OH); • 12 methyl group protons (19-CH 3 , 21-CH 3 , 27-CH 3 , and 28-CH 3 ).
The challenge of describing the configuration of these protons depends on the particular type of proton. The most challenging are the diastereotopic protons, followed by the protons on a sp 3 -sp 3 bond that rotates, and then the protons attached to a sp 2 carbon atom. Since the protons attached to a sp 2 carbon atom and the hydroxyl protons have no unusual stereochemistry their configuration is not difficult to describe. The methyl group protons, being equivalent, albeit prochiral, have no specific stereochemistry.
Experimentation has shown that the most direct way of describing the configuration of the diastereotopic protons is by considering their relationship to neighboring protons in 3-D space (via their coupling constants) and coordinating this with the NOESY spectrum.
The 2, 3, 4α-H and 4β-H Protons:
The predicted and experimental coupling constants, are listed in Table 1 , while the experimental values of the 2-H, 3-H, 4α-H, and 4β-H protons are shown in Figure 2 . From these data, it can be seen that the predicted coupling constant (from the molecular model) of 3-H to 4α-H is 6.6 Hz (angle = 30.5 o ) and that of the 3-H proton to 4β-H is 0. It should be noted that 2-H is a doublet of doublets, 3-H is a doublet of doublets of doublets, 4-H upfield is a doublet of doublets, and 4-H downfield is a multiplet. These results may then be compared to those obtained from the NOESY spectrum ( Figure 3 ).
There exists a strong NOESY correlation between the 4-H downfield proton and the 19-CH 3 protons, but a weak one for the 4-H upfield proton. The distance of the 4β-H proton to the 19-CH 3 protons is 1.850 Å and that of the 4α-H proton is 3.487 Å. Therefore the 4β-H proton must be the more downfield proton.
In a study where 19-CH 3 was inverted, the distance from 4β-H to the inverted 19-CH 3 was 4.238 Å, while the distance from the 4α-H proton to the inverted 19-CH 3 was 4.172. Since there is a definite coupling between the 4β-H proton and 19-CH 3 , the 19-CH 3 group must be in the β (R) configuration.
The 7-H and 8-H Protons:
The NOESY cross peak between these two protons is strong, indicating a close spatial relationship. The distance between 8-H in the beta configuration and 7H is 2.594 Å, whereas if 8-H was alpha instead of beta the distance would be 3.042 Å and a NOESY cross peak would be much weaker. This coupling can be compared to that of 4α-H to 6H (distance 2.535 Å) or 4β-H to 6H (distance 3.072 Å), whose couplings are weaker. Thus 8-H is beta.
As a corollary, the cross peak in the NOESY spectrum between 8-H and upfield 11-H (11α-H) is quite strong and demonstrates a correlation of 8β-H with 11β-H (distance = 2.834 Å). This also demonstrates that 8-H is β, because if 8-H was α, the nearest 11-H proton would be 4.029 Å away, and there would not be a NOESY correlation (Figure 4 ).
The 8-H, 9-H and 19-CH 3 Protons:
The NOESY shows a significant correlation between 8-H and 19-CH 3 (Figure 5 ). The distance between 8-H and a 19-CH 3 proton is 2.094 Å, whereas if the 19-CH 3 group is inverted the distance is 4.787 Å, in which there would not be a correlation. The distance between these groups is compared to those obtained from the NOESY spectrum A study was made with 9-H in both the alpha and the beta configuration. When 9-H is alpha, the angle with 8-H is 171.7 degrees, which results in a theoretical coupling constant of 11.3 Hz. When 9-H is beta it results in an angle of 56.7 degrees with 8-H and would have a theoretical coupling constant of 2.6 Hz.
In the 1 H-NMR 9-H shows coupling constants of 11.3 and 3.4 Hz, therefore 9-H must be alpha. The coupling constant of 3.4 Hz is the coupling with 11-αH. Coordinating this with the observation that the upfield signal is more intense (with respect to 18-H) than the downfield signal, it is apparent that the upfield signal correlates with the 12α-H proton and the downfield signal correlates with the 12β-H proton ( Figure 6 ). (Figure 7) .
The 11α-H and, 11β-H Protons and the 12α-H and 12β-H Protons:

The 22H Proton:
The assumption has been made previously that all of the withanolides have the 22-R configuration, but this has been rarely discussed or firmly established [10] . Listed here are several arguments as to why the 22H proton is in the R configuration and not the S configuration. 1) The proton distance from 22H to 28H in the S configuration is 1.998 Å and in the R configuration it is 4.401 Å. It would be expected that a 22H to 28 coupling would be seen in the S configuration, and, since there is no coupling, 22H must be in the R configuration ( Figure 8 ).
2) The proton distance from 22H to 26H in the S configuration is 2.357 Å, and in the R configuration it is 3.582 Å. It would be expected that a 22H to 26H coupling would be seen in the S configuration, and, since there is no coupling, 22H must be in the R configuration (Figure 8 ).
3) A study comparing the interproton distances between the 23α-H (and the 23β-H) and the 28-H protons was made involving the 22-R and 22-S configurations of nicandrenone. These values were compared with those of the 23α-H (and the 23β-H) protons and the 22-H proton. The values are listed in Table 2 .
In the NOESY spectrum the downfield 22-H to 23-H coupling is larger than the upfield coupling. Also the upfield 23-H to 28-H coupling is larger than the downfield coupling. It can be seen from the data that this can only occur when 22-H is in the R 
The 23α-H and 23β-H Protons:
From the structure of nicandrenone it is evident that the 23α-H and 23β-H protons will couple with each other and with 22-H. The NOESY spectrum shows a large coupling between the 23-H downfield proton and the 22-H proton, but not between the upfield 23-H proton and the 22-H. Thus the downfield proton is assigned to 23α-H and the 23β-H proton is the upfield proton.
Conclusions:
Utilizing a reliable molecular modeling program and 2D NMR techniques, the configuration and conformation of nicandrenone is described. Spectral evidence that this withanolide has a 22-R configuration has been presented. The structures used were those molecular models utilizing B3LYP/6-31G* calculations. It has been shown that the combination of a molecular modeling program and 2D NMR can be useful in the determination of the configuration and conformation of complex molecules and their unambiguous stereotopical proton assignments. 
Experimental
Isolation of nicandrenone:
Nicandra physalodes seeds were obtained from Chiltern Seeds, Cumbria, England. Plants were grown in Waukegan, Illinois, and harvested soon after flowering. Leaves (86 g wet weight) were blended in a Waring blender with methanol, filtered and the methanol reduced in volume in vacuo. The marc was dissolved in 4:1 methanol/water and extracted with hexanes. The methanol/water solution was then extracted with chloroform, dried with sodium sulfate, and evaporated. The chloroform solution was chromatographed over silica gel several times eluting with a varying mixture of chloroform/methanol (100:0 to 85:15). TLC was performed (CHCl 3 /MeOH 95:5) using silica gel and the fractions with an Rf = 0.86 (CHCl 3 /MeOH 90:10 fraction) combined. After evaporation of the solvents the resulting solid was crystallized from hexanes to afford 242 mg of an off white-powder identified as nicandrenone. Phosphomolybdic acid was used as a detection reagent. Yield 0.28%. R f : 0.86 (CHCl 3 /MeOH, 95:5). 
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